Abstract: Poly(vinyl acetate) (PVAc) is used extensively in coatings, adhesives and films. The carbonyl group (C=O) in the structure of PVAc forms hydrogen bonding with amine and hydroxyl groups and this may also enhance miscibility with polyaniline. Hence, PVAc has been chosen for blending with PANI. Further, PVAc can be used in moisture sensors and after blending with PANI its conductivity would be in semi conducting range with moisture response, which will be suitable for easy measurement. It was expected that, the given blend may give higher conductivity because 1) PVAc and PANI solubility parameter values match closely: the Hilde Brand solubility parameter (δ) of aniline is 21
Introduction
The difficulty of processing conducting polymers by the usual methods of the polymer industry (extrusion, injection moulding and lamination etc.) restricts their large scale use. Thus, several studies have focused on the synthesis of thermally processable conducting polymers [1] [2] [3] [4] . Sulphonic acids, such as dodecyl benzene sulphonic and camphor sulphonic acids, are largely used to obtain polyaniline PANI with suitable mechanical properties. However, the most frequently used method to produce conductive materials with this property is by mixing conducting polymers with conventional processable polymers [5] .
The technology of producing polymer mixtures has become a very important route to obtain new materials. The aim of making theses mixtures, historically called 'Polymer blends', is the synergistic combination of the properties of their components. With mixtures of electronically conductive and insulating polymers, the main objective is the preparation of polymeric materials with good rheological properties and processability associated with electronic conductivity, to produce conductive films for static charge dissipation or electromagnetic interference shielding applications [6] . Other properties inherent to conducting polymers however could be affected by the insulating matrix, such as electrochromism and redox behavior.
The field of producing conductive blends by mixing conducting and insulating polymers has been widely studied. The most commonly used polymers are polypyrrloe, polythiophenes and polyanilines, because of their easy preparation and environmental stability. Insitu blending technique suggested in this manuscript is a novel technique and gives higher conductivity at lower concentration of polyaniline and very few reports is available on this technique. Fig.1 shows IR spectra of in situ blends (powder in KBr pellet) where, the curve 'a' corresponds to pristine PVAc and the curves b, c, d, e are the increasing concentration of PANI in the blend while 'f' corresponds to PANI itself. Although there is an overall increase or decrease of the intensities of the major bands corresponding to increase / decrease of the particular component which would be expected for blend, other changes are also seen in these spectra. In the carbonyl absorption region, the carbonyl stretching vibration of PVAc occurs at 1732 cm -1. Upon blending with PANI-HCl, the band position of the blend shifts to higher frequencies indicating that the carbonyl groups are interacting with the functional moieties of PANI. There is corresponding change in the NH-phenyl mode frequency which is prominent in PANI. This could arise from H-bonding interaction between CO and amine group of PANI .The extent of frequency shift to the carbonyl band is small as observed in Polycaprolactone/Phenoxy blends [7] .
Results and Discussions

FTIR spectroscopy
The blend was being doped as such during synthesis. The Peak at 1512 cm -1 further confirmed this and the peak at 1591 cm -1 is observed. These changes resulting from protonation were the signatures of the conversion of the quinoid rings to benzenoid rings by the proton induced spin unpairing mechanism and the characteristic of the stretching vibrations of nitrogen atoms in aromatic and diamine units respectively.
It had already been published in many papers that these bands were of equal strength in the emeraldine oxidation state of PANI. The absorption band observed at 1375 cm -1 in the figure was a halogen sensitive band, which confirms the salt formation between chlorine anions and protonated Nitrogen atoms next to the quinoid rings and was consistent with the higher conductivity of the protonated blend.
The peak observed at 1140 cm -1 has been associated with electron delocalization and electrical conductivity in PANI [8] [9] [10] . The above band can be assigned to vibrational mode of a B-NH + =Q structure (B=benzenoid ring; Q= quinonoid ring), which was formed during protonation. It indicates the existence of positive charge in the chain and the distribution of the dihedral angle between the quinone and benzenoid ring.
However the peak at 820 cm -1 , assigned to the out-of-plane vibration of pdisubstituted benzene ring, which means the formation of PANI increases as the PANI concentration increases in the blend.
From the above results, it was clear that in situ blend was formed successfully .It was confirmed that the blend was being doped as such during polymerization and thus conducting blend was formed.
Compositional variation of Conductivity at ambient condition:
Fig . 2 shows that in the graph, 'a' corresponds to 'in situ' and 'b' corresponds to 'ex situ' blend. In the in situ blend, 3%PANI gives conductivity 0.5x10 -11 S/cm. In the ex situ blend, 10% PANI gives conductivity 2.97x10 -11 S/cm and as the concentration of PANI increases in the blend, conductivity rises further and reaches to saturation and there after it remains constant. It was found that in the in situ blend at 68% PANI gives conductivity 7 x10 -2 S/cm and ex situ blend shows conductivity at 60% PANI of 1.59 x10 -3 S/cm. Percolation threshold value was observed in insitu blend at 7% PANI and in the ex situ blend the percolation threshold value was found to be 20%.
The large difference between the electrical resistivities of the insulating matrix (PVAc matrix) and conducting PANI filler results in a mixed compound whose conductivity increases as the amount of PANI is increased. There is a volume fraction of PANI known as the percolation threshold at which it can be assumed that a continuous interconnecting PANI network exists in the blend and above this volume fraction the electrical resistivity is relatively low. Below this threshold, the compound behaves essentially like an insulator and the resistivity is more difficult to monitor. In the region of the percolation threshold, it has been suggested that changes to the relative locations and the orientation of the filler (PANI) particles. From the above results it was clear that conductivity rises after redoping the pellets. Thus in situ blend shows higher conductivity compared to ex-situ blends. The conducting elements of these paths are either making physical contact between themselves or separated by very small distances across which electron can tunnel.
Temperature Dependence of Conductivity: 
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This was because as the temperature increases mobility of the charge carrier increases and it hops among the conducting particles, barrier of PVAc affects the It It It was observed that initially at lower concentration of Pani in the blend, the nature of the graph was nonlinear. The conductivity was slightly enhanced here (1order of magnitude) after additional doping. This was because as the temperature increases mobility of the charge carrier increases and it hops among the conducting particles; barrier of PVAc affects the mobility, and it requires higher activation energy (excitation energy) to hop, so the resistance rises and conductivity decreases and the nature was found to be nonlinear. It was further observed that as the concentration of PANI increases in the blend, conductivity rises again and rises after additional doping at this point, PANI coated PVAc particles forms a network and decreases the intergranular barriers. Hence, conduction occurs via interchain and intrachain hoping, it is based on Mott's variable range hoping (VRH) model [11] 
Wherein log σ is dependent on (-T/T) 1/4 . Hence plot of σ -T were represented as log σ against T -1/4 as shown in the figure. It is said that conduction occurs by VRH model in the case of blend containing PANI. In the ex-situ blend, the temperature dependence of σ shows initially nonlinear nature for lower concentration of PANI and as the concentration of PANI is increased, the conductivity rises. Barriers of PVAc are reduced and linearity is observed. Nature of the graph follows the Arrhenius law. i.e. at this concentration the graph is more or less linear. The slope of the Arrhenius curve decreases suggesting that the activation energy for conduction decreases as the PANI content increases in the blend. i.e. at this concentration electrons require very less activation energy to transport from one conducting particle to another. Fig.3b shows the ex-situ blend graph.
Current vs. Voltage (I-V) Characteristics:
Fig . 4 shows the hysteresis as curve for in situ blends .In the figure 3% PANI shows non ohmic (nonlinear) nature even after additional doping with the same composition. It requires low voltage to reach the 2000pA current, it was found that, the graph shows ohmic nature as the concentration of PANI increases in the blend and current value reached μA. It requires very less voltage to reach the 2000μA. current. This was observed at 27% PANI in the in situ blend compositions obtained from the reactor. It was noticed that, when the compositions of the insitu blend were additionally doped, the nature of the graph shows ohmic (linear) nature and voltage still reduced again to reach the 2000μA. given figure shows the IV-curves of the blend.
The same charge transport process was observed in the 'ex-situ' blend, as sown in the Figure 4b . It was noticed that 10 % PANI, in the ex-situ blend shows nonohmic nature, and as the concentration of PANI increases in the blend i.e. at 60%, PANI shows ohmic nature, and it requires low voltage to reach the 2000 μA.
In the ex-situ blend Fig. 4b the charge transport process was affected by the barrier of PVAc particles and even at higher concentration of PANI; there was no close contact found, barrier still affects the charge transport process and the voltage value was found to be more in ex-situ blend compared to in situ blend. It was observed that even low concentration of PANI in the in situ blend shows ohmic nature compared to ex-situ Blend. This was because the barrier of PVAc gets reduced as the 'PANI' concentration increases in the blend and conducting network is formed. The charge carriers are created and their intramolecular as well as intermolecular charge transport takes place in the blend because of miscibility formed by the hydrogenbonding between the two polymers (PANI and PVAc). The junction of PVAc do not affect the charge transport because the work function value of PVAc was found to be 4.38 eV and that of PANI was found to be 5.1 eV, which match closely with one another.
The DC conduction phenomena was studied by Chutia and Barua [12] VAc-Films .He studied the phenomena by plotting the current (I) as a function of applied voltage (V) on a log, log scale at five different temperatures for a typical film 1.2μm thick .It was seen that at low voltages conduction was ohmic (I∝V) indicating that the current was controlled by thermally generated carriers. In the voltage range approximately 50-160 V they too found the ohmic nature; this may be because of thermally generated carriers reduces the junction of PVAc.
Conclusions
The blend was studied with the help of characterization, including conductivity measurements, thermal behavior and comparative study of in situ blend and ex-situ blend. The investigation on the blends of PANI-PVAc focused on the interaction between the components and on the resulting electrical conductivity. It was found that in the 'in situ' synthesis, the polymerization of aniline was not affected by the PVAc solution as confirmed by IR spectra showing the major peaks of emeraldine salt. Percolation threshold value was observed in in situ blend at 7% PANI and in exsitu blend at 20%. The doped PANI-PVAc exhibits conductivity levels of 10 -2 to10 -1 S/cm. showing higher conductivity than ex-situ blend. Temperature dependent conductivity showed that, insitu blends as well as ex-situ blend follows Arrhenius law. It was noticed that the higher concentration of PANI in the blend showed more linearity compared to ex-situ blend. The charge transport process was found to be ohmic (linear) as the concentration of PANI increases in both the blends i.e. the intramolecular and intermolecular charge transport process was not affected by PVAc barriers. Characterization studies and electrical measurements show that in situ blending technique was effective than ex-situ blending technique. This can arise from the fact that, as the concentration of PANI increases in the blend, the contact points between the PANI coated PVAc particles increases in the number giving higher conductivity than the physical mixtures.
Experimental
Preparation of in situ blend
Synthesis of polyaniline-polyvinyl acetate blend was carried out by in situ technique and compared with the blends prepared by ex-situ technique.
In the in situ synthesis, 2 gram polyvinyl acetate (M.W. 40 000) was dissolved in 100 ml methanol taken in a beaker. To that, 0.51 g of monomer aniline (0.005 M) and 5 ml of 1N HCl solution were added. About 25 ml of 0.1M initiator ammonium per sulfate was added slowly to the above reaction mixture under constant stirring. Similar reactions were carried out with aniline concentration of 0.01 M, 0.02 M and 0.05 M and 10 ml of 1N HCl, 20 ml of 1N HCl, 50ml of 1N HCl solution. The aniline to ammonium persulfate molar ratio in all the above reactions was 1:1, so as to reproduce same conditions in all cases.
The polymerization of aniline was carried out simultaneously in each vessel .The reaction was carried out at ambient temperature for 10 h. The blend was precipitated in distilled water, filtered, washed with distilled water several times and dried in vacuum till moisture was removed. The green mass of, each composition of the blend was crushed in mortar and pestle to a fine powder.
Preparation of Ex-situ Blend
In the ex-situ technique, PVAc powder was made by cryogenic grinding process. In this technique, the lump of PVAc was cut into pieces, which were then exposed to liquid nitrogen for five to ten minutes in order to make the PVAc flakes brittle (temperature much below T g ) for making fine powder. These were immediately transferred to a high-speed mixer and crushed. Polyaniline was synthesized separately in aqueous medium by standard route described in Chapter II using HCl dopant. This polyaniline powder was then mixed physically in polyvinyl acetate powder, from 0% to 100% in the composition of the blends. Samples were made for measuring electrical conductivity as mentioned before.
